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Abstract: - Serving the ever-increasing energy demand of the world by preventing the excessive deterioration of 
the environment requires the continuous development of energy technologies. Both renewable and nuclear power 
are reasonable alternatives to fossil sources. Beyond the engineering and economic issues, the social acceptance 
of the technologies is an essential factor. Recent literature pays growing attention to learning students' attitudes 
to renewable energy and sustainability since they are the future users and the decision-makers. Targeted actions 
in the field need thorough investigations about the opinions, attitudes, and knowledge level of the new 
generations. This paper contributes to a better understanding of higher education students' approaches to 
renewable and nuclear energy in Hungary by a voluntary online survey on evaluation and ranking the energy 
sources. The research sample includes 328 business, engineering, and state science students from various 
Hungarian universities. The results show the respondents are optimistic about favorable future changes in the 
utilization of renewable energies, but the opinions are scattered. Using the energy sources, sparingly seems to be 
more acceptable by the respondents than making financial sacrifices for a greener solution. The results of the 
pairwise comparison pointed out that solar power and wind power are considered decisive and acceptable sources. 
There is a general distrust of nuclear energy among the respondents. The analysis did not find significant 
differences between the responses of students from different faculties. The evaluations confirm a positive 
approach to sustainability and the particular emphasis on solar power. The result shows the need for knowledge 
formation that the assessment of the future role is not in line with the professional opinion and the national 
strategy. 
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1 Introduction 
The energy dependence of humankind is evident, but 
the solutions for meeting the needs are continuously 
developed. Moreover, the new technologies must 
serve an increasing demand [1]. Beyond technical 
limitations, social requirements, and policies also 
influence future directions. The umbrella of 
sustainability [2] offers a comprehensive framework 
for coordinated development actions. Climate-
neutrality [3] [4] and the reduction of CO2 emission 
[5] require an increase in using renewable energy 
sources [6]. Both the EU and the Hungarian 
government emphasize the importance of renewables 
[3] [7]. Renewable energy is instrumental to the 
success of Sustainable Development Goals [8]. 
There are alternatives available to fossil energy 
sources. Both renewable and nuclear energy can be 
considered [9], but some limitations slow down their 
spread. Local availability or relative high investment 
cost is the most insane enemy of renewables, while 
nuclear accidents and other faults [10] [11] as well as 
uncertain waste management solutions [12] [13] are 
warning signs against nuclear power. 
Although developing new energy technologies is 
a hard engineering challenge, besides the technical 
feasibility and related economic interest, the social 
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acceptance of the new technologies [14] [15] [16] is 
critical to success. Gil Vera [17] confirmed that the 
factors of use, utility, government support, training, 
adaptability, and perception of the acceptance of 
renewable energy sources influence the construct.  
Moreover, the system structure of the distribution 
may affect usability and acceptance [18]. Relevant 
literature confirms the authors' opinion [14] [19] [20] 
[20] [22] that an extensive multicriteria evaluation 
must be applied for exploring the factors of 
acceptance by considering the local issues [23]. 
 
 
Fig.1. Social acceptance of renewable energy 
innovation [21] 
 
Social acceptance includes market, socio-
political, and community level acceptance of the 
technology (Fig.1). Behind these, an essential 
component of social acceptance is the time-factor, 
which appears in many ways. Collecting experience 
or learning the long-term effects of a new technology 
needs time. Resistance to change is a general factor; 
therefore, shaping the new generations' 
consciousness with even less prejudice seems 
expedient. Reviewing the students' approach to 
renewable and nuclear energy provides a strategically 
important knowledge base in the field. 
Recent literature gives a high emphasis to the 
students’ approach to energy issues directly or 
integrated into sustainability (see e.g. [24] [25] [26] 
[27] [28] [29]). Common elements of the conclusions 
of the studies are that: 
- there is a positive approach to enhancing 
sustainability, 
- the students are aware of the importance of 
renewables, 
- solar power has a very positive image, 
- the lack of detailed knowledge about renewables 
and energy calls for action. 
 
This paper summarizes an experiment among 
Hungarian higher education students for analyzing 
their opinion about renewable and nuclear energy 
sources. Assuming that a distortion of the responses 
can be expected due to the high emphasis on the 
topic, a pairwise comparison method is applied. 
 
 
2 Problem Formulation 
The goal of 20% use of renewables by 2020 in the 
EU [30] received much attention and provided a 
framework for technological development programs. 
The share of renewables in gross final energy 
consumption shows an increasing tendency in recent 
years (Fig.2). The Hungarian trend shows a 
significant catching up by 2013, then decline. 
Following the EU directions, a boost-up of the 
development is required. 
 
 
Fig.2. Share of renewable energy in gross final 
energy consumption (%) [31] 
 
The Hungarian Central Statistical Office 
maintains a database of the share of renewables in 
electric power generation between 2000 and 2018 
[32]. The contribution of renewables has gradually 
increased from 0.7% in 2000 to 8.1% in 2018. The 
production of primary renewable energy sources by 
energy source enter the data in PJ [33]. Biofuels, 
biomass, and renewable part of communal waste 
represent the majority of energy production (Fig.3).  
Other energy sources (Fig.4) represent ca. 15% of 
these sources. 
 
Geothermal energy is the most representative 
energy source in Fig.4. Biogas and solar energy show 
a relevant increase in recent years. Wind power 
prediction increased from 2012, but due to a change 
in the licensing system in Hungary, it fell to 2.2PJ in 
2018. However, wind energy is an effective, 
efficient, and economical way of power generation 
[34] [35]. 
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Fig.3. Production of primary energy sources in 
Hungary – biofuels and biomass [33] 
 
 
Fig.4. Production of primary energy sources in 
Hungary – without biofuels and biomass [33] 
 
Of course, customers rarely see precisely the 
source of the energy they use every day, and other 
factors can influence the judgment of the energy 
sources. Solar technology is widely emphasized. 
Although the access and efficiency of photovoltaic 
energy are volatile [36], it is widespread, and there 
are several residential and personal applications 
available. On the other side, nuclear energy has 
several risks that lead to social resistance. However, 
15.6% of the primer energy use is provided by 
nuclear energy, while renewables give 11.8%, and 
fossils give 42.3%.  
Strategic decisions in energy policy require a 
multicriteria evaluation since the investments and the 
systems affect the whole society, including several 
stakeholder groups with their own interest. Beyond 
the technological or economic cost and benefits, 
taking different corporate, public, and private 
interests together into account is required to 
successfully implement the energy strategy. It is 
inevitable to form a comprehensive picture of the 
future possibilities and the influencing factors of 
technological acceptance, and local investigations are 
needed in the field. According to the new solutions' 
acceptance, particular attention should be paid to the 
attitudes and opinions as part of this analysis. Our 
research contributes to this challenge among higher 
education students who can soon play a decision-
making role in a corporation or the government. 
 
 
3 Research Design 
 
3.1 Research goal 
Understanding the non-professional opinions 
about power generation and energy sources has 
several benefits. Improved social acceptance of 
technology may reduce hostile actions against the 
implementations that lead to resource savings. 
Moreover, by finding the gaps in the knowledge and 
the resistance factors, targeted action measures can 
be justified on education or public information. 
Higher education students are the shapers of the 
future as corporate managers and policymakers. 
Their opinions, attitudes, and knowledge are essential 
in the further development of power generation. 
The research goal is to study the opinions about 
the economic return, environmentally friendly 
nature, and the future role of renewable energy 
sources. 
Assuming that different faculties deal with the field's 
technological and social aspects in different depths, 
diverse evaluations are expected. Formulated as a 
hypothesis, the evaluation of renewable and nuclear 
energy sources differs between business, 
engineering, and state science students. The results 
focus on the opinion of Hungarian higher education 
students. 
 
3.2 Survey design 
The research uses a voluntary online survey designed 
for anonymous data collection among non-
professionals. The survey asks the respondents to 
evaluate some characteristics of the following energy 
sources by pairwise comparison: 
- biomass, 
- nuclear, 
- solar, 
- hydro, and  
- wind power. 
 
The perspectives include the future role of the 
given energy source, its economic aspects (return), 
and environmentally friendly nature: 
- Return: Which power generation technology has 
the highest financial return on investment? 
- Environmentally friendly nature: Which 
technology is environmentally friendly overall? 
WSEAS TRANSACTIONS on ENVIRONMENT and DEVELOPMENT 
DOI: 10.37394/232015.2020.16.71 László Berényi, Nikolett Deutsch
E-ISSN: 2224-3496 691 Volume 16, 2020
- Future: Which power generation technology will 
be the most decisive in the coming decades? 
 
According to the assessment of the opinions on 
future directions, the questionnaire also includes 
scale rated questions as follows: 
- How do you think we currently use renewable 
energy sources compared to other European 
countries? (current use) 
- Do you think people would pay more for energy 
if it were definitely from a 'green' source? (pay 
for green energy) 
- How much do you agree with the statement that 
people are increasingly striving to save energy in 
their everyday lives? (striving to save) 
- How do you think we will use renewable energy 
sources compared to other European countries in 
10–15 years? (future use) 
 
3.3 Methods of analysis 
The items of the pairwise comparisons are optimally 
ordered with the Ross-method [37]. Beyond the 
distribution of rank-sums, the results include: 
- the personal level of consistency, 
- the rank orders by Guilford-method [38], 
- the group level consensus of the responses. 
 
The personal level of consistency (K) describes 
whether the preference order of the respondent is 
clear (0≤K≤1, K=0 is the complete absence of 
consistency, K=1 is a complete consistency), further 
analyses are limited to the consistent responses. The 
group-level preference orders are presented on an 
interval-scale between 0 and 100. Scattering of 
opinions is described by a corrected value of 
Kendall's coefficient of concordance for pairwise 
comparison (ν) that shows the group level consensus 
between 0% and 100%. 
Besides, the scale rated questions allow the 
calculation of correlation (Spearman's Rho method 
for ordinal scale) and the non-parametric analysis of 
variance (Kruskal-Wallis H). 
The calculations follow the guidance of [38] [39]. 
Data processing was supported by IBM SPSS 25 and 
Microsoft Excel. 
 
3.4 Research sample and limitations 
Hungarian higher education students from various 
universities and faculties are asked to form their 
opinion about the future role of energy sources. The 
data collection period covers 2019 and 2020. The 
research sample includes business, engineering, and 
state science students. Since the dataset is not 
representative and business students are 
overrepresented in it, among them, a random 
selection was applied. The results of this paper are 
based on the evaluation of 121 business, 89 
engineering, and 118 state science students. Although 
the statistical results must be limited to the sample, 
the conclusions may contribute to a better 
understanding of renewable and nuclear energy's 
social acceptance. 
A remarkable limitation of the analysis can be 
traced back to the characteristics of the Guilford-
transformation. By reason of the results are presented 
on an interval-scale between 0 (least preferred) and 
100 (most preferred) for each group, the comparison 
between groups is not feasible. A direct comparison 
(ratio-scale mea1sure) is available by the group level 
rank-sums. These values are presented as a 
percentage of the maximum value available. 
Another limitation comes from the location. Since 
local availability has a significant impact on the 
utilization of renewables, the interpretation of the 
results is limited to Hungary. An international 
extension of the survey could allow learning about 
national differences. 
 
 
4 Results and discussion 
 
4.1 Present and future state of renewable 
energy use in Hungary 
The respondents are skeptical about the present use 
of renewable energy sources, but they look to the 
future with confidence (Fig.5). The mean values of 
the evaluation on a 5-point scale (a higher value 
shows a higher agreement with the statement) are low 
about currently using renewable energy sources 
compared to other European countries. 78.7% of the 
respondents think that renewables are less or much 
less (1 and 2 values) utilized in Hungary than in other 
European countries. For a 10-15 years period, the 
proportion of this evaluation is 24.7%, while 47.3% 
think that a European average will be reached, and 
28.1% believe that Hungary will exceed it. The 
analysis of correlation (Table 1) points out that the 
better evaluation of the present use moderately and 
significantly correlates with the future vision. 
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Fig.5. Mean values of student evaluations by 
faculties (5-point scale, a higher value means more 
agree with the statement) 
 
Paying for green energy may promote the 
development of technologies. The respondents do not 
represent those who would pay more for energy if it 
were definitely from a 'green' source; only 19.2% 
market yes or certainly yes (4 or 5 values). At the 
same time, 36.9% of the respondents think that they 
are increasingly striving to save energy in their 
everyday lives. The non-parametric correlation 
analysis of the opinions is summarized in Table 1. 
The correlations can be considered as significant if 
the significance level (Sig.) is not higher than 0.05. 
The value of the correlation coefficient shows the 
strength of the co-movements of the data series. 
Between the opinions about the present and the future 
use of renewable energy, there is a medium level 
(Correlation coefficient is 0.400) but significant 
(Significance level is 0.000) correlation that means 
that there is also a remarkable proportion of the 
students who rated the present use poor but have 
confidence in the future development. However, the 
correlation is weak among the other factors; even the 
results are significant. Therefore, the opinions in 
these questions can be considered as factors to be 
treated independently. 
 
  present 
use 
future 
use 
pay for 
green 
energy 
strive 
to save 
present 
use 
Corr. 
coef. 
- .400 .093 .081 
Sig.  .000 .093 .145 
future 
use 
Corr. 
coef. 
 - .149 .189 
Sig.   .007 .001 
pay for 
green 
energy 
Corr. 
coef. 
  - .150 
Sig.    .007 
Table 1. Correlation between the responses (total 
sample, n=328) 
 
According to the research hypothesis, the impact 
of the faculty as a grouping factor is tested. Fig. 5 
shows moderate differences between the business, 
engineering, and state science students. The non-
parametric ANOVA test (Table 2) do not show 
significant differences (with 95% confidence) since 
all significance levels are higher than 0.05. About 
striving to save the energy shows the most 
remarkable difference by faculties but this is not 
statistically proven. 
 
 present 
use 
future 
use 
pay for 
green 
energy 
strive 
to 
save 
Kruskal-
Wallis H 
3.582 .310 1.087 5.561 
df 2 2 2 2 
Asymp. 
Sig. 
.167 .856 .581 .062 
Table 2. Non-parametric ANOVA test results 
 
The correlation and ANOVA test confirm the 
assumption on the need for a multicriteria evaluation 
already dealing with the acceptance of the new 
solutions. 
 
4.2 Pairwise comparison results 
Due to the limited knowledge on the subject, it is not 
to expect an accurate and objective evaluation of the 
energy sources by the citizens, but the assessment of 
their opinions and attitudes are essential information 
sources of the decision-makers. Nevertheless, 
citizens can express their opinion by comparing items 
that allow an ordinal scale measure. Pairwise 
comparison gives more reliable results than direct 
sorting in these situations [38]. The results can 
describe the decisive opinions (more or less preferred 
solutions) both on individual and group levels. 
The evaluations of the respondents show a high level 
of consistency. According to the return, the 
proportion of K=1 cases in the sample is the highest 
among the business students, while engineering 
students have a more consistent opinion about 
environmentally friendly nature and future role 
(Table 3). 
  
business engineering state 
science 
Return 82.6 78.7 72.9 
Environmen-
tally friendly 
80.2 88.8 83.1 
Future role 73.6 87.6 79.7 
Table 3. The proportion of entirely consistent 
evaluations (K=1 cases, % of the sub-sample) 
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Table 4 summarizes the group-level rank-sums 
expressed as the percentage of the maximum value 
available (100% is the case in which each respondent 
preferred the item to any other items) by the sub-
samples of faculties. Figures 6-8 show the results for 
the total sample.  
  
business engineering state 
science 
return 
hydro 41.8 46.8 44.8 
solar 74.0 68.9 74.1 
nuclear 31.8 30.0 37.2 
wind 57.8 53.9 53.2 
biomass 44.8 50.4 40.7 
environmentally friendly 
hydro 46.4 51.3 41.8 
solar 78.1 76.3 81.1 
nuclear 4.4 3.5 5.6 
wind 70.1 69.9 68.6 
biomass 51.0 49.1 52.8 
future role 
hydro 27.0 31.7 26.1 
solar 83.1 83.3 83.8 
nuclear 43.8 44.6 50.5 
wind 57.0 52.2 49.2 
biomass 39.0 38.1 40.4 
Table 4. Rank-sum by energy source and by faculties 
(% of the maximum available value) 
 
 
Fig.6. Preference of energy sources, return (% of the 
maximum rankings) 
 
 
Fig.7. Preference of energy sources, environmentally 
friendly nature (% of the maximum rankings) 
 
 
Fig.8. Preference of energy sources, future role (% of 
the maximum rankings) 
  
business engineering state 
science 
return 
hydro 23.8 43.4 20.2 
solar 100.0 100.0 100.0 
nuclear 0.0 0.0 0.0 
wind 60.6 61.3 42.4 
biomass 30.7 52.3 9.4 
environmentally friendly 
 
hydro 60.6 68.7 51.7 
solar 100.0 100.0 100.0 
nuclear 0.0 0.0 0.0 
wind 89.3 91.6 83.3 
biomass 66.1 66.1 64.4 
future role 
  
hydro 0.0 0.0 0.0 
solar 100.0 100.0 100.0 
nuclear 29.6 24.1 41.2 
wind 51.6 38.1 39.1 
biomass 21.5 12.2 24.8 
Table 5. Guilford weights by energy sources and by 
faculties 
 
Solar energy is the most preferred item in each 
aspect. It is followed by wind power. Nuclear energy 
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is considered with the least favorable return and the 
least environmentally friendly solution. The latter 
value is remarkably low in each sub-sample, but the 
future role of nuclear power is rated much better. The 
respondents see the depreciation of hydropower in 
the future. Although wind-power is rated as the 
cleanest technology, its present and future role is 
rated in the middle. 
The weights calculated by the Guilford-method 
(Table 5) point out the relative distances of the 
evaluations by sub-samples and aspects. The best-
expected return and the future role of solar power are 
unequivocal in each sub-sample. According to the 
environmentally friendly nature, the difference 
between solar (most preferred) and wind power 
(second preferred) is about a third compared to the 
difference between wind power and biomass and 
hydropower. 
 
4.3 Level of concordance 
The pairwise comparisons show some differences 
between the students by faculties, but the patterns do 
not seem to be different (Table 6, Fig.9). Kendall's 
coefficient of concordance for pairwise comparison 
(ν) allows us to check the level of consensus. The 
indicator is expressed as a percentage of the 
maximum available value. 
The evaluation of environmentally friendly nature 
shows the highest level of consensus, and there is the 
lowest agreement on the return. Business students' 
opinions are the most cohesive about the return and 
the future role. 
  
business engineering state 
science 
return 15.1 10.9 12.1 
environmentally 
friendly 
44.7 43.1 45.4 
future role 26.8 22.5 24.9 
 
Table 6. Level of concordance by faculties (%) 
 
 
Fig.9. Level of concordance by faculties (%) 
 
4.4 Interpretation of the results 
Renewable sources and nuclear energy are alternative 
technologies of fossil solutions. There is no one best 
way for the future, considering the investment cost, 
alternatives, environmental risks, and local 
availability. The technical conditions and the 
restrictions are objective measures of the feasibility, 
but legal regulations, business interests, and social 
acceptance cannot be ignored. Renewables are 
clearly preferred against nuclear power by the 
respondents; however, the future role precedes hydro 
and biomass power. Solar power is the most popular 
renewable, followed by wind energy is each aspect. 
Biomass and hydropower receive little trust from 
respondents. 
This study contributes to a better understanding of 
the social aspects. Based on the responses, the 
Hungarian higher education students consider the 
utilization of renewable energy sources lags behind 
other European countries, but they believe in a 
significant change in 10-15 years. The key to 
changing customer behavior is rather sparing than 
additional expenditures on energy. 
Comparing the survey results to the distribution 
and the trends presented in Session 2, remarkable 
differences appear. The dominant energy sources are 
undervalued by the respondents. Despite the fact that 
Hungary is less suitable for hydropower generation, 
seizing the opportunities far exceeds the respondents' 
expectations. 
 
 
5 Conclusion 
There is a general agreement on the need for pushing 
fossil energy sources back. Both renewable and 
nuclear energy offer alternatives; moreover, 
renewable energy is available in many forms. Energy 
policies and the related strategies must answer the 
questions of what, how, and when to use. These plans 
determine the necessary investments and impacts in 
the long-term, considering the benefits and the 
harmful impacts as well. Beyond economic interest, 
the social acceptance of the new technology is key to 
success. Social resistance can hinder the achievement 
of the goals. A relevant task of developing and 
implementing a successful energy strategy is taking 
the needs and opinions of the affected groups into 
account. This study contributes to a better 
understanding of personal opinions in the field. 
However, the results are limited, which highlights 
that there is a difference in the intentions of the 
energy strategies (professional opinions) and 
personal opinions. Accepting the energy policies and 
strategies as professional solutions, the assessment in 
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this paper can be used for developing the content and 
form of communication to the citizens for a better 
understanding of the strategy, and through this, a 
better acceptance. 
The evaluation of the respondents on renewable 
and nuclear power shows a cohesive picture of their 
environmentally friendly nature, and there is an 
agreement on the future role of the energy sources. 
However, the judgment is not is entirely consistent 
with the actual state of energy production. Solar 
power is at the heart of thinking among the 
respondents; it is evaluated the 'best' in all aspects. It 
goes beyond the possibilities and intentions of the 
authors and the research to make a judgment on the 
best energy source and technology. The results just 
point out the directions of the thinking. 
Notwithstanding, responsible management 
education must include energy issues. However, the 
representativeness of the sample is not assured, the 
similar results between the business, engineering, and 
state science students, as well the low level of 
concordance on the economic aspects suggest the 
need for a knowledge expansion for achieving the 
sustainable development goals of the EU [40]. 
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